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Description

Technical Field

[0001] The preseni invention relates to a module containing electric elements such as semiconductor chips or surface
acoustic wave devices. In particular, the present invention relates to an electric element built-in module that can be
made ultra-thin and is suitable for a high-density packaging, in addition, the present invention relates to a method for
manufacturing such an electric element built-in module.

Background Art

[0002] In recenl years, with the demand for higher performance and miniaturization of electronic equipment, higher
density and higher function for packages in which semiconductor chips are mounted have been desired increasing
Furthermore, there also is an increasing demand for smaller and higher-density circuit boards on which they are mount-
ed. However, with conventual multilayered circuit beards including glass fiber and an epoxy resin (glass-epoxy mul-
tilayered circuit boards) having a penetrating through hole structure formed by drilling, it has become difficult to achieve
the high-density packaging. Accordingly, instead of the conventional glass-epoxy multilayered circuit boards, circuit
boards that allow a connection not by the penetrating through hole bui by an inner via hole have been developed
actively (for example. JP 6(1S94}-268345 A and JF 7(1 995)- 147464 A).

[0003] However vmh the current state of the art, even the high-density mounted circuit boards having such an inner
via hole structure cannot keep up with the miniaturization of the semiconductor chips. For example, although the pitch
of lead electrodes has become as fine as about 50 urn as the wiring of the semiconductor chips becomes finer, the
wiring pitch of the circuit boards and the via hole pitch still are about 100 u.m. Therefore, the space for leading out the
electrodes from (he scmicenducior chips increases, thus becoming an obstacle to miniaturization of the semiconductor
packages.

[0004] Also
:
since the circuit boards are formed with a resin-based material, they have a low thermal conductivity.

Thus
:
as the component packaging achieves a higher density, it becomes more difficult to dissipate heat that is gen-

erated -rom these components The clock frequency of CPUs is expected to become about 1 GHz in the year 2000,
arc with the accompanying higher function thereof, the. power consumption of the CPUs is expected t0 reach ^00 to
150 W per a chip.

'

[0005] furthermore, along with the increase in speed and density, it has become difficult to ignore the influence of
noise.'

[0006] Therefore, ir. circuit boards, not only the improvement of density and function resulting from a finer circuitry
but also -anti-noise characteristics and heat dissipation characteristics have to be taken into account.
[0007] On the ether hand, as a form of responding to the miniaturization of the semiconductor chips described above,
a chip size package (CSP) has been suggested. In this CSR a semiconductor chip is fiip-ohip mounted on a circuit
board called an interposer whose back surface has grid electrodes formed ewo-dimensionally thereon, and electrodes
of the semiconductor chip and the gnd electrodes are connected via via holes in the circuit board. This makes it possible
•c ;ead out ;he electrodes of the semiconductor chip that have eaen formed to have a pitch of not more than 100 u.m
from the grid electrodes having a pitch of about 0.5 to 1 .0 mm

:
allowing an increase in the pitch of the lead electrodes.

[0008] As a resuit. ;he need for the liner circuit board on which the CSP is mounted has somewhat reduced, and
thus inexpensive circuit boards can be used. Moreover there is an advantage that the CSP can be used as a tested
semiconductor package whose reliability is guaranteed. Consequently, compared with a bare chip technique in which
a semiconductor care chip is mounted on a circuit board directly, the cost required for testing chip damages and de-
fective elements and for ensuring the reliability can be recuced while achieving the miniaturization, which is an advan-
tage of the bare chip mounting.

[0009] The development of the CSP described above contributes to an advancement of the miniaturization of the
semiconductor package.

[0010] On the other nana, in information terminals represented by a mobile persona! computer and a mobile phone
that can deal with information personally thanks to the development of the internet, the demand for smaller and thinner
equipment has been intensified. The typical equipment includes a card-size information terminal, in particular. For
example, it is expected to be applied more broadly to card-size radio equipment, a mobile phone, a personal identifi-

cation card and a memory card for music delivery other than to a current credit card. Thus, a thin semiconductor
package or active component that can be mounted on the card-size information terminal mentioned above is desired
strongly.

[001 1] When the above-described CSP is used for achieving a thinner semiconductor package, the bump height in

the case of flip - chip mounting, or the wire height and the thickness of a sealing resin in the case of wire bonding, will

be added to the thickness of the semiconductor chip (about 0.4 mm) and that of the interposer as the circuit board,
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resulting in the total thickness of about 0.7 mm. Since the total thickness required for the card-size equipment is about

0.3 to 1 .0 mm, the'semiconductor package has to be still thinner.

[001 2] The thickness of the semiconductor package can be reduced by TAB (tape automatic bonding) mounting. An

opening and a wiring pattern made of a copper foil are formed on a tape-like film of such as polyimide, a semiconductor

5 chip is mounted in the opening, and electrodes protruding toward the opening directly are bonded to electrodes of the

semiconductor chip (inner lead bonding). Similarly, electrodes are led out by connecting electrodes protruding from

the tape with the circuit board (outer lead bonding). In this manner, the semiconductor package having a thickness

substantially equal to the tape thickness (about 100 urn) can be obtained. In some cases, the form of superimposing

multiple layers of this TAB mounted product also is suggested.

10 [0013] In any methods, it is needless to say that the semiconductor chip should be as thin aspossible
:
but since the

one (a silicon semiconductor, in particular) with a thickness of not more than 100 urn has a poor mechanical strength,

such a semiconductor chip sometimes is damaged during the flip-chip mounting, in which a load is applied. Also, when

a semiconductor wafer is abraded to be thinner, its mechanical strength decreases, so that the wafer is more likely to

break in a later dicing. On the other hand, after being subjected to dicing, it is extremely difficult and economically

75 inefficient to abrade a small semiconductor chip to be thinner.

[001 4] On the other hand, the thickness of the semiconductor chip can be reduced by prior dicing. In the prior dicing,

the semiconductor wafer is diced halfway of its thickness from one surface, and then is abraded from the other surface

until reaching the diced portion. This method can provide a semiconductor chip that is cut automatically after abrading.

However, even with this method, because each of the semiconductor chips is thin, a load cannot be applied thereto
:

20 leading to a difficulty in dealing at the time of mounting.

[0015] Also, in the mobile phone or the like, a surface acoustic wave device is used as a component part of a filter

for extracting a specific frequency component.

[001 6] FIG. 7 is a sectional view snowing one example of a structure of a conventional surface acoustic wave device

built-in module including two surface acoustic wave devices having a filterfunction. This module is used as, for example,

25 an antenna duplexer used in a radio portion of a mobile phone or the like.

[0017] In FIG. 7. numeral 601 denotes surface acoustic wave devices, numeral 602 denotes piezoelectric substrates,

numeral 603 denotes comb-shaped electrodes, numeral 604 denotes lead-out electrodes, and numeral 605 denotes

metal bumps. Numeral 607 denotes a circuit board, numeral 609 denotes first wiring patterns, numeral 610 denotes

second wiring panerns
;
numeral 611 denotes via holes, numeral 612 denotes a cover, numeral 613 denotes a sealant,

30 numeral 614 denotes internal circuits, and numeral 615 denotes a concave portion.

[0018] In the surface acoustic wave device 601. on one surface of the piezoelectric substrate 602 formed of, for

example, lithium tantalate, lithium niobate or quartz, the comb-shaped electrode 603 and the lead-out electrodes 604

formed of a metal film containing aluminum as a main component are formed. The metal bumps 605 for an electrical

connection with an external circuit are formed on the lead-out electrodes 604.

35 [001 9] The circuit board 607 has the first wiring patterns 609 on one surface, the second wiring patterns 61 0 on the

other surface and the internal circuits 614 therein. The first wiring pattern 609, the second wiring pattern 610 and the

internal circuit 614 are connected by the via holes 611. Aplurality of the surface acoustic wave devices 601 built into

the module shown in FIG. 7 and the external circuit are connected via these elements. In order to ensure a space in

which the surface acoustic wave devices 601 are mounted, the circuit board 607 has the concave portion 615 in its

40 central portion.

[0020] After the surface acoustic wave devices 601 are positioned and placed on the circuit board 607, the first wiring

patterns 609 and the metal bumps 605 are electrically connected. When gold bumps are used as the metal bumps

605, heat and ultrasonic wave are used in combination so as to melt the metal bumps 605 for the connection. Alter-

natively, there also is a case of making the connection using an electrically conductive adhesive. Also, when solder

45 bumps are used as the metal bumps 605
:
the connection is made by reflowing the solder bumps.

[0021 ] Since the surface acoustic wave device 60 1 is sensitive to an influence of an external atmosphere, the concave

portion 61 5 of the circuit board 607 finally is sealed airtightly with, for example, the cover 612 formed of a metal plate

and the sealant 613 formed of a solder or an adhesive. In this manner, the surface acoustic wave device built-in module

used for an antenna duplexer or the like is obtained.

50 [0022] In the above description, as the piezoelectric substrate 602 constituting the surface acoustic wave device

601 , a wafer having a thickness of 0.3 to 0.4 mm is used normally. Thus, the conventional surface acoustic wave device

built-in module has a thickness of about 1 mm, making it difficult to reduce the thickness of electronic equipment

represented by a mobile phone.

[0023] Accompanying a rapid advancement of mobile communication equipment in recent years, a still thinner mod-

55 ule has been required, leading to an increase in demand for reducing the thickness of the piezoelectric substrate 602.

However, since a single crystal material such as lithium tantalate, which is used as the piezoelectric substrate 602, is

brittle and easy to break., it is very difficult to use the piezoelectric substrate 602 as thin as, for example, about 0.2 mm
in practice during wafer transportation in a photolithography process for forming the comb-shaped electrode on the

3
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piezoelectric substrate S02 and when dealing with each of the devices in a process of mounting it on the circuit board

607. Furthermore, in the surface acoustic wave device 501, a commonly used technique is that the surface (the surface

on a nonfunctional portion side) opposite to that on which the comb-shaped electrode 603 is formed (the surface on a

functional portion side) is roughened so as to prevent a deterioration in characteristics caused by a reflection of an

5 elastic wave from the surface on the nonfunctional ponion side. When attempting to reduce the thickness of the pie-

zoelectric substrate 602, the wafer is more likely to break also in this process of roughening the surface on the non-

functional portion side. Accordingly, with the conventional structure, a thinner component built-in module using the

surface acoustic wave device has been difficult to achieve.

w Disclosure of Invention

[0024] It is an object of the present invention to solve the conventional problems described above and to provide a

thin and mechanically strong module coniaining electric elements such as semiconductor chips or surface acoustic

wave devices. It also is an object of the present invention to provide a method for manufacturing such an electric

15 element built-in module effectively.

[0025] In order to achieve the above-mentioned objects, the present invention has the following structure.

F0026] An electric element built-in module according to the present invention includes a wiring pattern, at least two

electric elements mountec on the wiring pattern, and a thermosetting resin composition for sealing the electric elements.

U.oper surfaces of the si least two electric elements and an upper surface of the thermosetting resin composition are

20 subsiantially flush with each other.

[0027] This improves a mechanical strengxh because the electric elements are sealed with the thermosetting resin

composition. Also, such a module can be cctained by grinding or abrading the upper surfaces of ihe electric elements

and the upper surface oi the thermosetting resin composition at the same time to achieve a desired [hickness. In this

case, since ihe electric elements arc sealed with the thermosetting resin composition, the electric elements are not

25 damaged by an external forca during the processing. Thus, it is possible to provide a thin electric element built-in

module that has a mechanical strength. Also, because at least two electric elements are provided, a high density

module mounting can be achieved. Furthermore, by dividing the module by each, of the electric elements, it is possible

to provide a thin electric element buiit-in package that has mechanical strength

[0028] In the electric element built-in module described above, it is preferable [hat at least one (more preferaoly, all)

30 of the electric elements ir.ciudes a functional ponion and a connection electrode on a surface on a side of the wiring

pattern, and the connection electrode is connected to the wiring pattern. This makes it possible to grind or abrade the

surface opposite to the side or the wiring pattern of the electric element (the surface on a nonfunctional portion side).

Thus
:
a thin module having a desired thickness can be provided.

'0029] Also, in the electric element buiit-in module described above
:
at least one of the electric elements may be at

35 {east one element selected from the group consisting of a semiconductor chip, a chip resistor, a chip capacitor and a

chip inductor.

[0030] Alternatively, in the electric element built-in module described above, at least one of the eiectric elem^ris

may be a surface acoustic wave cevice.

[0031] When using the surface acousiic wave device as the eiectric element, it is preferable that a surface of the

4G surface acoustic wave device on the side of the wiring pattern Is provided with a functional portion and a space holaing

structure for preventing excitation and propagation of a surface elastic wave from being obstructed in the functional

portion. The surface of the surface acoustic wave device on the functional portion side faces the wiring pattern, and

therefore, the surface on the nonfunctional portion side can be ground or abraded. Thus, it is possible to provide a thin

module having a desired thickness. Also, by providing the space holding structure, it is possible to fill a resin between

-5 the functional portion anc the wiring pattern, thus improving the mechanical strength. Consequently, it is possible to

prevent damages owing to an external force during processing for reducing the thickness.

[0032] It is preferable that the space holding structure is formed of a film-like resin composition. This improves an

adhesion to a sealing resin, thereby obtaining a highly reliable module.

[0033] Also, in the electric element built-in module described above, it is preferable that the upper surfaces of the at

50 least two electric elements both have a surface roughness Rz of 0.5 to 50 u,m. Furthermore, it is preferable that the

upper surfaces of the at least two electric elements and the upper surface of the thermosetting resin composition that

are substantially flush with each other both have a surface roughness Rz of 0.5 to 50 am. In this case, the surface

roughness Rz denotes a mean roughness of ten points. The surface roughness Rz of smaller than 0.5 urn causes

breakage of a connected portion of the electric elements and the wiring pattern owing to the above-described processing

55 of the upper surfaces and cracking at an interface between the electric elements and the resin composition. On the .

other hand, the surface roughness Rz of larger than 50 urn brings about breakage and cracking of the electric elements.

Furthermore, when using the surface acoustic wave device as the electric element, the surface roughness Rz that is

out of the above range deteriorates frequency characteristics.

4
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[0034] Moreover, in the electric element built-in module described above, it is preferable that the thermosetting resin

composition contains an inorganic filler and a thermosetting resin. By selecting the inorganic filler and the thermosetting

resin, it is possible to achieve a module having a desired performance.

[0035] It is preferable that the thermosetting resin contains an epoxy resin, a phenolic resin or a cyanate resin as a

5 main component. This is because these resins have excellent heat resistance and insulation reliability.

[0036] Also, it is preferable that the inorganic filler is at least one inorganic filler selected from the group consisting

of Al 203 ,
MgO, BN

5
AIN and Si02 . This is because various performances of the module can be secured. By changing

materials for the inorganic filler it becomes possible to control a coefficient of thermal expansion, a thermal conductivity

and a dielectric constant of the thermosetting resin composition. When using Al203 , it is possible to achieve a module

10 that has a reduced coefficient of thermal expansion and an excellent thermal conductivity. When using Si02 , the die-

lectric constant can be controlled, and the coefficient of thermal expansion also can be reduced. By selecting the other

materials of AIN, MgO or BN, it is possible to achieve a module having a still better thermal conductivity.

[0037] For example, by bringing the coefficient of thermal expansion of the resin composition substantially equal to

that of the electric element, the cracking and the deterioration in connection reliability due to a temperature change
J5 can be prevented. Also, by raising the thermal conductivity of the resin composition, heat dissipation characteristics

can be improved when an electronic component is a semiconductor chip requiring heat dissipation. Moreover, by low-

ering the dielectric constant of the resin composition, it is possible to reduce a high-frequency loss. In the module of

the present invention . another electric element can be mounted on the wiring pattern on the side opposite to the sealed

electric elements. In ihis case, the inorganic filler contained in the thermosetting resin composition also can be selected

20
. according to characteristics required for this another electric element.

[0038] Also, in the electric element built-in module described above, the wiring pattern may be formed on a surface

of a circuit board. This makes it possible to obtain a circuit board efficiently on which thin electric elements are mounted.

[0039] Alternatively the wiring pattern may be formed on a surface of a support. By peeling off the support/it is

possible to obtain an electric clement built-in package that can be mounted on a wiring board or the like. Alternatively,

25 on the exposed wiring pattern, other electric elements can be mounted.

[0040] In this case, it is preferable that the support is formed of an organic film or a metal foil.

[0041] ' Furthermore, in the electric element built-in module described above
;

it is preferable that at least one of the

electric elements is connected to the wiring pattern via a bump. This can achieve a highly reliable electrical connection

in an efficient manner.

30 [0042] Next, a method for manufacturing an electric element built-in module of the present invention includes mount-

ing at least one electric element, one of whose surface is provided with a functional portion and a connection electrode,

on a wiring pattern so that the one surface faces the wiring pattern, sealing the electric element with a thermosetting

resin composition from a side of the other surface of the electric element, and grinding or abrading the electric element

sealed with the thermosetting resin composition from the side of the other surface of the electric element,

35 [0043] According to the above method, a thick electric element is mounted, sealed with the thermosetting resin

composition, and then ground or abraded from the surface on the nonfunctional portion side. Since the electric element

is reinforced by the resin composition, it is possible to alleviate a mechanical impact and load applied to the electric

element during grinding or abrading. Thus, a thin electric element built-in module can be obtained without breaking

the electric element. In addition, since the electric element is sealed with the resin composition during grinding or

•to abrading, it is possible to prevent contamination of the electric element and an electrically connected portion.

[0044] In the.above-oescribed method for manufacturing the electric element built-in module, it is preferable that a

bump is formed on the connection electrode of the electric element, and the electric element is mounted on the wiring

pattern using the bump and an electrically conductive adhesive. This makes it possible to perform processing at a

temperature lower than that in the case of a solder connection.

45 [0045] Alternatively, in the above-described method for manufacturing the electric element built-in module, a bump

is formed on the connection electrode of the electric element, and the electric element may be mounted on the wiring

pattern using the bump and a sheet in which an electrically conductive filler is dispersed. This eliminates the need for

a process of filling a sealing resin between the electric element and the wiring pattern. In addition, it also is possible

to address a fine connection pitch.

so [0046] Alternatively, in the above-described method for manufacturing the electric element built-in module, a bump

is formed on the connection electrode of the electric element, and the electric element may be mounted on the wiring

pattern by connecting the bump and the wiring pattern in an ultrasonic manner. This makes it possible to reduce a

thermal load on the electric element.

[0047] Also, in the above-described method for manufacturing the electric element built-in module, it is preferable

55 further to include filling and curing a resin between the electric element and the wiring pattern, after mounting the

electric element on the wiring pattern and before sealing the electric element with the thermosetting resin composition.

This makes it possible to protect a connected portion of the electric element and the wiring pattern with the sealing

resin (what is called an underfill). Also, the electric element and the connected portion can be prevented from being

5
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damaged by a pressure applied in a subsequent process of sealing with the thermosetting resin composition
[0048] Moreover, in the above-described method for manufacturing the electric element built-in module, the electric
element can be sealed with the thermosetting resin composition by overlaying an uncured sheet-like object formed of
the thermosetting resin composition onto the ether surface of the electric element, followed by heating and compression
This makes it possible to seal the electric element with the thermosetting resin composition by a simple process
[0049] Alternatively in the above-described method for manufacturing the eiectric element built-in module the elec-
tric element also can be sealed with the thermosetting resin composition by applying an uncured paste-like object
formed of the thermosetting resin composition from the other surface of the electric element under a vacuum or a
reduced pressure, followed by heating. By applying the pasie-like object under a vacuum or a reduced pressure the
paste-like object can be filled thoroughly.

[0050] It is preferable that the heating after applying the paste-like object is carried out at an atmospheric pressure
or larger. This can reduce voids in the thermosetting resin composition.

[0051] In the above method, when the electric- element is sealed by overlaying the uncured sheet-like object onto
the ether surface of the electric element, followed by heating and compression, it is preferable that a temperature of
the heating is equal to or lower than a cure starting temperature of the Thermosetting resin contained in the resin
composition. This can reduce a pressure during the compression. Also, since the thermosetting resin is in the uncured .

state, the subsequent grinding or abrading becomes easier. •

[0052] Similarly, when the electric element is seated by applying the uncured paste-like object from the other surface
oi the electric element, followed by heating, it is preferable that a temperature of the heating is equal to or lower than
a curs starting temperature or the thermosetting resin contained in the resin composition. This can reduce voids re-
maining .n the resin composition. Also, since the thermosetting resin is in the uncured state, the subsequent grinding
or abrading becomes easier.

[0C53] Also, in the above-described method for manufacturing the electric element built-in module, it is preferable
that the thermosetting rosin composition contains at least 7Cwt% to 95wt% of an inorganic filler and 5wt% to 30wt%
of a thermosetting resin. By selecting suitably a type of the inorganic filler that is contained with a high concentration
a module having a desired performance can be obtained. For axample, by bringingthe coefficient of thermal expansion
oi the res.n composition substantially equal to that of ;ne electric element, it is possible to obtain a module that is highly
resistant to temperature changes Also, by improving the heat dissipation characteristics of the resin composition it is

possible to obia.n a module that is suitable for an electric element generating a large amount of heat Moreover bv
using an inorganic filler with a low dielectric constant, it is possible to obtain a module having exceilent high-frequency
characteristics.

~

[0054] Furthermore, the above described method for manufacturing the electric element built-in module further may
include making a division into a desired shaps. after grincing or abrading the eiectric element sealed with the thermo-
setting resin composition. The thickness is reduced whiie maintaining a large size, and then the division is made, thus
making it possible to produce a thin low-cost electric element package in an efficient manner.
[0055] Moreover, in the above-described method for manufacturing the electric element built-in module, the wiring
pattern may be formed on a surface of a circuit board. ~h\s makes it possible to obtain a circuit board efficiently on
wnich thin electric elements are mountad.

[0056] Alternatively, in the above-cescribed method for manufacturing the electric element built-in module, the wiring
pattern may be termed on a surface of a support. In this case, an organic film or a metal foil can be used as the support
[0057] In this case, the above-described method further may include peeling off the support, after grinding or abrading
the electric element sealed with the thermosetting resin composition. By peeling off the support, it is possible to obtain
an electric element built-in package thai can be mounted on the circuit beard. Alternatively, other electric elements can
be mounted on the wiring pattern that is exposed by the peeling off. Since the support is peeied off after the grinding
or abrading, the electric element and the wiring pattern can be prevented from being contaminated durinq the grinding
or abrading. » » • a

[0058] The above-described method further may include, after peeling off the support, formino a wiring pattern by
laminating a prepreg for a circuit board provided with a through hole in a thickness direction filled with an electrically
conductive paste and a metal foil in this order on a surface on a side of the wing pattern exposed by the peeling
followed by heating and compression, and then etching the metal foil. This makes it possible to obtain a module having
a multilayered structure provided with an inner via hole.

[0059] Alternatively, the above-described method further may include, after sealing the electric element with the
thermosetting resin composition and before grinding or abrading the electric element sealed with the thermosetting
resin composition, peeling off the support, and forming a wiring pattern by laminating a prepreg for a circuit board
provided with a through hole in a thickness direction filled with an electrically conductive paste and a metal foil in this
order on a surface on a side of the wiring pattern exposed by the peeling, followed by heating and compression, and
then etching the metal foil. This makes it possible to obtain a module having a multilayered structure provided with an
inner via hole.

6
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[0060] The above-described method further may include, after forming the wiring pattern by etching the metal foil,

forming at least one second wiring pattern by laminating a prepreg for a circuit board provided with a through hole in

a thickness direction filled with an electrically conductive paste and a second metal foil in this order on a surface on a

side of the wiring pattern obtained by the etching, followed by heating and compression, and then etching the second

5 metal foil. This makes it possible to obtain a module having a further multilayered structure provided with an inner via

hole.

[0061] Also, in the above-described method for manufacturing the electric element built-in module, it is preferable

that the electric element and the thermosetting resin composition are ground or abraded at the same time so as to be

substantially flush with each other. By grinding or abrading them at the same time, a thin module can be obtained

io easily. In addition, the electric element and the connected portion of the electric element and the wiring pattern can be

prevented from being damaged during the grinding or abrading.

[0062] Moreover in the above-described method for manufacturing the electric element built-in module, it Is prefer-

able that the grinding or abrading is carried out by an abrading method using an abrasive. In this manner, it is possible

to apply a lapping process, which generally is used in a manufacturing process of semiconductor chips, to the manu-

15 facturing method of the present invention, and therefore existing facilities can be utilized.

Brief Description of Drawings

[0063]

20

FIG. 1 is a sectional view showing a structure of a semiconductor chip built-in module according to a first embod-

iment of the present invention.

F!Gs. 2A to 2F are sectional views showing a process sequence in a method for manufacturing the semiconductor

chip built-in module shown in FIG. 1

.

25 FIGs. 3A and 3B are sectional views showing a process sequence in a method for manufacturing a chip size

package using the semiconductor chip built-in module shown in FIG. 1

.

FIGs. 4A to 4C are sectional views showing a process sequence in a method for manufacturing a semiconductor

chip built-in module according to a second embodiment of the present invention.

FIG. 5 is a sectional view showing a structure of a surface acoustic wave device built-in module according to a

30 third embodiment of the present invention.

FIGs. 6A to 6C are sectional views showing a process sequence in a method for manufacturing the surface acoustic

wave device built-in module shown in FIG. 5.

FIG. 7 is a sectional view showing a structure of a conventional electric element built-in module containing two

surface acoustic wave devices.

35

Best Mode for Carrying Out the Invention

[0064] The following is a description of an electric element built-in module and a method for manufacturing the same

according to the present invention, with reference to the accompanying drawings.

40

(First Embodiment)

[0065] FIG. 1 is a sectional view showing a structure of an electric element built-in module according to the first

embodiment of the present invention, in which semiconductor chips are contained as electric elements. In FIG. 1,

45 numeral 204 denotes a mixed resin composition containing an inorganic filler and a thermosetting resin, numeral 203

denotes semiconductor chips that are sealed with the resin composition 204 and formed into one piece, numeral 201

denotes a wiring pattern, numeral 202 denotes metal bumps, and numeral 210 denotes a semiconductor chip built-in

module of the first embodiment.

[0066] The semiconductor chip 203 is provided with a functional portion for presenting its function on one surface,

so and an electrode pad (a connection electrode) is formed on a surface on the side of the functional portion. The bumps

202 are formed on the electrode pad of the semiconductor chip 203. The bumps 202 are connected to the wiring pattern

201
,
allowing a signal input/output with respect to the semiconductor chip 203.

[0067] A surface opposite to the functional portion of the semiconductor chips 203 and an upper surface of the mixed

resin composition 204 in which the semiconductor chips 203 are sealed and embedded are ground or abraded at the

55 same time so as to be substantially Hush with each other. This makes it possible to reduce the overall thickness.

[0068] Since it is possible to contain the semiconductor chips 203 and reduce the thickness by grinding or abrading

the upper surface as shown in FIG: 1 , a thin and high-density module that is suitable for a thin product such as a

memory card can be obtained.

7
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[0069] As th9 thermosetting resin contained in the mixed resin composition 204, an epoxy resin, a phenolic resin or

a cyanate resin can be used, for example. Also, as the inorganic filler that is dispersed and contained, Al^, MgO,

BN, AIN or Si02 can be used. If necessary, a coupling agent, a dispersing agent, a coloring agent and a releasing

agent further can be added to the mixture of the inorganic filler and the thermosetting resin.

5 [0070] As the semiconductor chip 203, not only can a silicon semiconductor element, a bipolar element and a MOS

element be used, but also a silicon-germanium semiconductor element and a gaiiium-arsenide semiconductor element

that have a poor mechanical strength.

[0071] A copper foil can be used as the wiring pattern 201 , and a copper foil plated with nickel or gold further is

preferable because of iis stable electrical connection with the metal bumps 202 on the semiconductor chip 203.

10 [0072] As the metal bump 202, it is possible to use a gold bump, which can be a two-stage protruding bump produced

by a wire-bonding method or a gold-plated bump.

[0073] Next, a specific method for manufacturing the semiconductor chip built-in module described above will be

explained wiih reference to FIGs. 2A to 2F.

•0074] FIGs. 2A to 2F are sectional views showing a process sequence in the method for manufacturing the semi-

15 conductor chip built-in module shown in FIG. 1

.

[0075] First, as shown in FIG. 2A :
a support (a carrier) 200 formed of a metal foil whose surface is provided with

the wiring partem 201 , is prepared. As the support 200, a 50 to 1 00 urn thick copper foil that is easily transported and

has an appropriate adhesive strength can be used.

[0076] The following is a specific production method. First, on the surface of the support 200 formed of the metal

20 foil, copper further is plated so as to have a desired thickness. The thickness of ;ne copper plating layer on the support

2G0 preferably s adjusted according to :he fineness of the wiring oattern. The thickness of the copper plating layer

may be 5 to 9 urn when forming a fine firing pattern having a pitch of 100
;
im

:
while that may be about 12 to 24 u,m

wnen the wiring paitern is not so fine.

[0077] Subsequently, ihe copper plating layer on the support 200 is etches by an existing method., thus forming the

25 wiring'pattern 201 . At this time, only the copper plating layer can be etched, cr the surface of the support 200 can be

etched partially as well. This is because.. =n either case, only the copper piating layer to be the wiring pattern 201 is

transferred to the module side in the end.

[0078] Tre metal foil is most suitably used for the support 200 because the wiring pattern 201 will not move owing

to a resin flow .n a later process of embedding the semiconductor chip into the thermosetting resin composition.

30 - [0079] On the supper. 200 with the wiring pattern 201 produced as above, the semiconductor chips 203 are mounted

as shown in FIG. 2B "he semiconductor chips 203 are provided with the functional portion and the electrodes on one

surface. The semiconductor chips 203 are mounted on the wiring pattern 201 via the metal bumps such as gold bumps

so that the side of the ;uncticnal portion races. the wiring pattern 201. The mounting method may include making a

connection by transferring an electrically conductive paste on the metal bumps 202 or mounting the semiconductor

35 chios using solder.

[0080] Next, as shown in PIG. 2C
T
a sheet-like object 204 formed of an uncured mixed resin composition containing

the inorganic filler and the thermoserting resin is positioned and overlaid on the semiconductor chips 203.

[0081] The £
1

;9t-!ike object 204 of the thermosetting resin composition is obtained in the following manner.

[0082] First, a paste-like mixture is prepared by mixing an inorganic filler anc a liquid thermosetting resin
,
or similarly,

*o a paste-like mixture is orepared by mixing a thermosetting resin whose viscosity has been reducec by a solvent into

an inorganic filler.

!"0083j " Subsequently, the paste-like mixture is formed to have a predete.~nined thickness and heat-treated ;
thus

obtaining the sheei-iike object. The heat-treatment is performed for the following reason. Since the mixture using the

liquid resin is viscous, the curing is accelerated slightly so as to reduce the viscosity while maintaining flexibility in the

45 uncured state. In the case of the mixture using the resin dissolved by the solvent the heat-treatment is for removing

the solvent and for reducing the viscosity whiie maintaining ihe flexibility in ihe uncured state.

[0084] Thereafter, the support 200 on which the semiconductor chips 203 have oeen mounted and then the sheet-

like object 204 is overlaid is heated and compressed into one piece. Thus, as shown in FIG. 2D, the semiconductor

Chios 203 are embedded into the sheeMjke object 204
:
and the thermosetting resin contained in the sheet-like object

so 204 is cured, thereby sealing the semiconductor chips 203 and adhering the sheet-like object 204 to the wiring pattern

201 . At this time, in order to promote the adhesion of the sheet-like object 204 to the wiring pattern 201
,

it is desirable

that the surface of the copper plating layer constituting the wiring pattern 201 to be in contact with the sheet-like object

204 is roughened. Similarly, in order to improve the adhesion and prevent oxidation, the surface of the copper plating

layer may be treated with the coupling agent or plated with tin, zinc, nickel or gold.

55 [0085] Next, as shown in FIG. 2E
:
the semiconductor chip 203-embedded object produced as above is ground or

abraded from the surface opposite to the support 200 so as to have a predetermined thickness. For example, the above

process includes lapping using abrasives (free grains), which is a technique commonly used when abrading semicon-

ductor chips. Since the semiconductor chips 203 already are mounted and sealed with the sheet-like object 204, there

8
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is no damage caused by an impact during abrading and no contamination by an abrasive liquid. Also, since the support

200 is adhered to the opposing surface, there is no concern about contamination. By carrying out grinding or abrading

while the semiconductor chips 203 are protected as described above, it is possible to obtain a semiconductor chip

built-in module having a desired thickness. Although the thickness of a general semiconductor chip is about 0.4 mm,
5 the thickness can be reduced to about 50 urn according to the present invention.

[0086] Subsequently, as shown in FIG. 2R the support 200 is peeled off. Thus, a thin semiconductor chip built-in.

module 210 can be obtained. The above-described method produces a special effect of forming an extremely thin

semiconductor package.

[0087] Furthermore, as shown in FIG. 3A, the semiconductor chip built-in module 21 0 may be cut at cutting positions

io 213 between the adjacent semiconductor chips 203. Thus, as shown in FIG. 3B, it is possible to obtain an extremely

thin chip size package. For the cutting, a dicing apparatus used for processing the semiconductor chip can be used.

[0088] In the above embodiment, after the semiconductor chips 203 are flip-chip mounted as in FIG. 2B, it is pref-

erable that a sealing resin (an underfill) is filled between the semiconductor chips 203 and the support 200 provided

with the wiring pattern 201, followed by curing. This is because a damage to the semiconductor chips 203 can be

15 reduced when overlaying the sheet-tike object 204 so as to embed the semiconductor chips 203. An existing resin can

be used as the sealing resin. For example, the use of a resin obtained by dispersing silica (silicon oxide) as an inorganic

filler into a liquid epoxy resin is preferable because the coefficient of thermal expansion cf the sealing resin can be

matched with thai of the semiconductor chip 203 and water-absorbance can be reduced.

[0089] Also, in the above embodiment; when the semiconductor chips 203 are mounted on the support 200 provided

20 with the wiring pattern 201 , it may be possible that an adhesive sheet in which an electrically conductive filler is dispersed

is interposed between the semiconductor chips 2C3 and the support 200, followed by compressing the semiconductor

chips 203 and the support 200 into one piece. The metal bumps 202 formed on the semiconductor chips 203 are dug

into the adhesive sheet, and the metal bumps 202 and the wiring pattern 201 are electrically connected via the elec-

trically conductive filler in the adhesive sheet only in a portion compressed by the metal bumps 202. Simultaneously,

2s the semiconductor chips 203 and the support 200 also can be sealed. Thus, the process of mounting the semiconductor

. chips 203 and that of filling the underfill can be performed at the same time, thereby simplifying processes.

[0090} In the above embodiment, it is preferable that the heating and compressing process of embedding the sem-

iconductor Chios 203 using the sheet-like object 204 is carried out at a temperature not higher than a cure, starting

temperature oi the thermosetting resin in the sheet-like object 204
;
and afterthe grinding or abrading process, a further

30 heating is carried out so as to cure the thermosetting resin in the sheet-like object 204. This is because grinding or

abrading before the sheet-like object 204 finishes curing allows an easier process. This shortens the time required for

the grinding or abrading process.

[0091] Although the above embodiment illustrated the case of using copper as a material for the wiring pattern 201

,

the present invention is not limited to the above, so metal such as aluminum or nickel also may be used to produce a

35 similar effect.

[0092] Also, in the above embodiment, the example of using the metal foil as the support 200 was described, but

the support 200 is not limited to the above in the present invention. For example, an organic film can be used as the

support 200. By using the organic film, which is an insulator, it is possible to test the performance of the semiconductor

chips 203 and the connection between the semiconductor chips 203 and the wiring pattern 201 before the semicon-

40 ductor chips 203 are sealed with the sheet-like object 204 (that is, in the state shown in FIG. 2B). In addition, the organic

film can be reused by forming another wiring pattern after being peeled off.

[0093] As examples of a material for the organic film for the support 200, polyethylene, polyethylene terephthalate,

polyethylene naphthalate, polyphenylene sulfide, poiyimide or polyamide can be used. An organic film having a heat

resistant temperature corresponding to a curing temperature of the thermosetting resin contained in the sheet-like

45 object 204 may be selected suitably from the above materials. In particular, because of their excellent heat resistance,

dimension stability and mechanical strength, polyphenylene sulfide, poiyimide and polyamide are the most suitable for

the organic film material for the support 200 of the present invention.

[0094] The following is a description of a specific method for manufacturing the wiring pattern 201 when using the

organic film as the support 200. First, an adhesive layer is applied to one surface of the organic film, and a metal layer

50 for the wiring pattern 201 is laminated thereon. Alternatively, the metal layer for the wiring pattern 201 may be formed

on one surface of the organic film by plating. Subsequently, the metal layer is chemically etched, thus forming the

wiring pattern 201

.

[0095] Also, in the above embodiment, in order to embed and seal the mounted semiconductor chips 203 with the

thermosetting resin composition from the surface on the nonfunctional portion side, the sheet-like object 204 formed

55 of this resin composition was used. However, in the present invention, the method for sealing the semiconductor chips

203 is not limited to the above. For example, after being mounted as shown in FIG. 2B, the semiconductor chips 203

may be sealed by applying an uncured paste-like object formed of this resin composition by printing from the surface

on the nonfunctional portion side of the semiconductor chip 203 under a vacuum or reduced-pressure atmosphere.
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Thereafter, the paste-like object is heated to nnraH tk u
pressurized up to atmospheric pressure or larger
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^

9
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'
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'
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(Second Embodiment)

Echfp' builMn

l^^^:Z^l^SSSaqUenCe m 3 meth°d »~9 a semicon-
[0099] In FIG aA numeral 21 0ZV^l em°°°™ent or the present invention.

i^n which the

denotes a prepreg for a circuit board, and numeral 403 dernt« J ,?

3£m6 re,erence numerals. Numeral 401
that are formed in the prepreg 401 in a thickness dir2L T ^ COr)ductive Past^ «"ed in through noles
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built-in module having the structure as shown in RG 48 ' °b,3inin9 3 semicond "ctor chip

m u,ti,ayeredw,ring Structure,a,,oianextre^
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[0105] • Moreover, the process of laminating the prepreg 401 and the copper foil 405 that are shown in FIG. 4A onto

the surface of the module of FIG. 4C on the wiring pattern 407 side and then etching the copper foil 405 to form a

wiring pattern is repeated a predetermined number of times, thereby achieving a still higher-density multilayered mod-

ule.

5 [0106] In the first and second embodiments above, the module containing the semiconductor chips was described

as an example. However the module of the present invention can contain an electric element other than the semicon-

ductor chip, for example, a chip resistor, a chip capacitor, a chip inductor or a surface acoustic wave device.

[0107] Next, the module containing the surface acoustic wave device will be described.

10 (Third Embodiment)

[0108] The following is a description of an embodiment of a module containing surface acoustic wave devices as

electric elements, using the accompanying drawings.

[0109] FIG. 5 is a sectional view showing an electric element built-in module according to the third embodiment,

15 using a surface acoustic wave device as an electric element. Also, FIGs. 6A to 6C are sectional views showing a

process sequence in a method for manufacturing the electric element built-in module shown in FIG. 5. In FIG. 5 and

FIGs. 6A to 6C, numeral 501 denotes surface acoustic wave devices, numeral 502 denotes piezoelectric substrates,

numeral 503 denotes comb-shaped electrodes, numeral 504 denotes lead-out electrodes, numeral 505 denotes metal

bumps, and numeral 5C6 denotes holding bodies. Numeral 507 dencies a circuit board, numeral 508 denotes a ther-

20 mosetting resin composition, numeral 509 denotes first wiring patterns, numeral 510 denotes second wiring patterns,

numeral 511 denotes via holes, and numeral 514 denotes internal circuits.

[0110] In the surface acoustic wave device 501 , on one surface (the surface on a functional portion side) of the

piezoelectric substrate 502 formed of, for example, lithium tantalate, lithium niobate or quartz, the comb-shaped elec-

trode 503 and the load-out electrodes 504 formed of a metal film containing aluminum as a main component are formed

25 as in the conventional surface acoustic wave'device shown in FIG 7. The holding body 506 for securing a vibration

space is formed on the functional portion in which a surface elastic wave is propagated. The holding body 506 forms

a space holding structure so that the functional portion does not contact other members directly to obstruct the prop-

agation of the surface elastic wave. Such a holding body 506 can be constituted by a supporting layer and a cover

body that are formed of a film-like resin composition as shown in, for example, JP 1 0(1 998)-270975 A.

30 [01 1 1 ] A surface on the side opposite to the functional portion of the surface acoustic wave device 501 and an upper

surface of the resin composition 508 for sealing the surface acoustic wave device 501 are ground or abraded at the

same time so as to be substantially flush with each other. This makes it possible to reduce the overall thickness.

[0112] Materials for the piezoelectric substrate 502, the comb-shaped electrode 503 and the lead-out electrode 504

are not limited specifically and any materials that will not impair the effects of the present invention can be used.

35 [0113] Also, the metal bumps 505 for an electrical connection with an external circuit are formed on the lead-out

electrodes 504. In the present embodiment, gold bumps are used as the metal bumps 505.

[0114] The circuit board 507 has the first wiring patterns 509 on one surface, the second wiring patterns 510 on the

other surface and the internal circuits 514 therein. The first wiring pattern 509, the second wiring pattern 510 and the

internal circuit 514 are connected by the via holes 511 . Aplurality of the mounted surface acoustic wave devices 501

40 and the external circuit are connected via these elements. In the present embodiment, the surface of the first wiring

pattern 509 on the side that the surface acoustic wave device 501 is mounted is plated with gold. In addition, the internal

circuit 514 is provided with a phase-shift circuit and passive elements such as a capacitor and an inductor.

[0115] Next, the method tor manufacturing such a surface acoustic wave device built-in module will be described

using FIGs. 6A to 6C.

45 [0116] First, as shown in FIG. 6A, the surface acoustic wave devices 501 are positioned and placed on the circuit

board 507 so that the surface of the surface acoustic wave device 501 on the functional portion side faces the circuit

board 507. Then, the metal bumps 505 of the surface acoustic wave devices 501 and the first wiring patterns 509 of

the circuit board 507 are connected using heat and ultrasonic energy in combination.

[0117] In the present embodiment, the gold bumps are used as the metal bumps 505, but the present invention is

so not limited to them. For example, the gold bumps may be connected via an electrically conductive adhesive. Alterna-

tively, solder bumps may be used as the metal bumps 505, and the connection may be made by reflowing the solder

bumps.

[0118] Although the present embodiment illustrates the case in which the piezoelectric substrates 502 of a plurality

of the mounted surface acoustic wave devices 501 have substantially the same thickness and are made of the same

55 material, the present invention is not limited to this case. For example, a plurality of the surface acoustic wave devices

501 provided with the piezoelectric substrates 502 having different thicknesses and/or made of different materials may

be mounted together. In addition, other than the surface acoustic wave devices 501, at least one of, for example, a

semiconductor chip, a chip resistor, a chip capacitor and a chip inductor also may be mounted on the same circuit
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board 50/.

[01 1 S] On the circuit board 507 on which the surface acoustic wave devices 501 are mounted facedown as described
above, the thermosetting resin composition 508 is applied and heated to be cured, thereby embedding and sealing
the surface acoustic wave devices 501 (see FIG. 6B). The thermosetting resin composition 508 may be applied by
overlaying a sheet-like object formed of the resin composition onto the surface on the nonfunctional portion side of the
surface acoustic wave devices 501 or by printing an uncured paste-like object formed of this resin composition from
the surface on the nonfunctional portion side of the surface acoustic wave devices 501 under a vacuum or reduced-
pressure atmosphere, as described in the first embodiment. Alternatively, the resin composition is filled between the
surface acoustic wave devices 501 and the circuit beard 507 beforehand, and then the resin composition may be
coated onto the surface on the nonfunctional portion side-of the surface acoustic wave devices 501
[01 20] Since the surface acoustic wave devices 501 in the present embodiment are surrounded by the thermosetting
resin composition 508 as described above

:
it is preferable to provide the functional portion with a space holding structure

so that the functional portion of the surface acoustic wave device 501 does not contact this resin composition 508.
i his allows the resin to be filled also between the surface acoustic wave devices 508 and the circuit board 507.. and
thus an external force applied during a subsequent grinding or abrading process for reducing thickness can be sup-
ported not only by the metal bumps 505 but by the filled resin. As a result, stress is not concentrated in the vicinity of

the metal bumps 505
,
thus preventing problems such as breakage of ihe piezoelectric substrate 502.

[0 )21] It is preferable thai the holding body 5C5 forming *he above-described space holding structure is formed o* k
film-like resin composition. This improves adhesion to the resin comDOsition 508 surrounding the surface acoustic wave
device 501 f

so that the holding body 506 and ihe resin composition 508 do net peel off from each other in the subsequent
grinding cr abrading prc-ess, making it possible to obtain a highly reliable component built-in module.
[0122] Next, the eciec: in which the surface acoustic wave devices 501 are embedded wiih the resin composition
508 described above Is ground or abraded from the surface opposite to ihe circuit board 507 so as to have a prede-
termined thickness. At this time, ii is preferable that the grinding or abrading is carried out so as to roughen ihe surface
on the nonfunctional portion side of the surface acoustic wave device 501 . In the surface acoustic wave device 50:
a surface elastic wave generated in ihe functional portion is prcpagatedin the thickness direction of the piezoelectric
substrate 502 and then reflected by the surface on the nonfunctional portion side. so as to return to the functional
portion, thus deteriorating characteristics, if the surface on the nonfunctional portion side is rcughened

;
the influence

of this reflected wave can be reduced, thereby obtaining a component built-in module having excellent frequency
characteristics. It is particularly preferable that the surface -;n the nonfunctional portion side is roughened to have a
roughness equal :c or larger than a wavelength of the surface wave of the surface acoustic wave device. For example,
when the applied frequency of ihe surface acoustic wave device is 100 MHz to 10 GHz and the propagation velocity
is 4,000 rrv's, the wavelength of its surface wave is 0.4 to 40 urn. Accordingly in this case, it is preferable that the
surface roughness Rz is at least 0.4 am.

[0123] On the other hand, in ihe case where the surface of the piezoelectric substrate 502 formed of a -piezoelectric
single crystal is roughened, a work affected layer is formed on a work surface, thus deteriorating the characteristics of

the surface acoustic wave device in some cases. The depth of the formed work affected layer increases consistently
with the particle size of the grains used. As the roughness increases, it is more likely to cause breakage or microcrack
of the piezoelectric substrate., thus lowering reliability. According to an experiment conducted by the inventors of the
present invention, when the surface of the piezoelectric substrate 502 was roughened to have a roughness Rz of 50
jim or larger, the frequent occurrence of the substraie breakage and characteristics deterioration was observed, pre-
senting difficulty in obtaining a thin component built-in module.

[0124] On the other hand, as the surface roughness is reduced, a frictional stress during the grinding or abrading
increases, breaking the connected portion between the surface acoustic wave devices 501 and the circuit board 507,
that is, the connection between the lead-out electrodes 504 and the metal bumps 505 or that between the metal bumps
505 and ihe first wiring patterns 509. The amount of heat generated during the grinding or abrading also increases,
so that the generated heat adversely affects the surface acoustic wave devices 501 and cracks occur at the interface
between the surface acoustic wave devices 501 and the resin composition 508. According to an experiment conducted
by the inventors of the present invention, when the surface of the piezoelectric substrate 502 was roughened to have
a roughness Rz of 0.5 urn or smaller, the frequent occurrence of these problems was observed, presenting difficulty

in obtaining a thin component built-in module.

[01 25] Thus, when considering ihe deterioration in characteristics of ihe surface acoustic wave device 50i ihe break-
age of the piezoelectric substrate 502 and the decrease in the connection reliability, it is preferable that the surface of
the surface acoustic wave device 501 is ground or abraded so that the surface roughness Rz ranges from 0.5 to 50
urn It is more preferable that not only the surface of the surface acoustic wave device 501 but also that of the thermo-
setting resin composition 508 is ground or abraded so that their surface roughness Rz ranges from 0.5 to 50 urn.

[0126] In this manner, the module containing the surface acoustic wave devices as shown in FIG. 5 is obtained.
[0127] According to the present invention, by sealing the mounted surface acoustic wave devices with the thermo-
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setting resin composition and grinding or abrading the surface on the nonfunctional portion side of the surface acoustic

wave device together with the thermosetting resin composition so as to be flush with each other, it becomes possible

to reduce the thickness of the surface acoustic wave device easily, which has been difficult conventionally, thereby

obtaining a thin surface acoustic wave device built-in module.

5 [0128] Also, by providing the functional portion formed on the surface of the surface acoustic wave device with the

space holding structure for preventing the excitation and propagation of the surface elastic wave from being obstructed,

it becomes possible to fill the surface on the functional portion side of the surface acoustic wave device with the resin

composition, so that breakage etc. do not occur in the surface acoustic wave device during the grinding or abrading

process.

10 [0129] Furthermore, by forming the space holding structure with the film-like resin composition, it becomes possible

to obtain a highly reliable surface acoustic wave device built-in module having a high affinity for the above-described

resin composition for sealing.

[0130] In addition, the surfaces of the surface acoustic wave device and the thermosetting resin composition that

are formed to be flush with each other have a roughness Rz ranging from 0.5 to 50 ujti, thereby obtaining a thin surface

15 acoustic wave device built-in module without affecting characteristics of the surface acoustic wave device. At the same

time, it is possible to obtain a highly reliable surface acoustic wave device built-in module that has a high connection

reliability with the metal bumps and can prevent the substrate- from breaking and being affected.

[0131] Although the semiconductor chips 203 were mounted on the wiring patterns 201 on the support 200 in the

first embodiment, they may be mounted on the circuit board 507 as illustrated in the third embodiment. Similarly, al-

20 though the surface acoustic wave devices 501 were mounted on the circuit board 507 in the third embodiment, they

may be mounted on the wiring patterns 201 on the support 200 as illustrated in the first embodiment.

Examples

25 [0132] In the following, specific examples will be described in detail.

(First Example)

[0133] The following is a description of an example corresponding to the first embodiment described above.

30 [0134] First, the method for producing the copper-foil support 200, shown in FIG.2A, whose surface is provided with

the wiring patterns 201 will be explained.

[01 35] An existing copper foil for a circuit board can be used for the copper-foil support 200. Such a copper foil was
produced by rotating a drum electrode in an electrolyte and continuously reeling in a copper plating layer formed on

this drum. At this time, by adjusting the current value and the rotation speed for forming the plating layer, it was possible

35 to form a copper foil with a desired thickness continuously. The thickness of the copper foil used here was 70 urn.

[0136] Next, a peel-off layer for a later transferring was formed by forming an extremely thin organic layer on the

surface of this copper-foil support 200 or by plating metal that is different from the copper, such as nickel or tin, thinly

thereon. The transferring is possible even when the peel-off layer is not formed, but with this peel-off layer, over-etching

can be prevented at the time of forming the wiring patterns 201 by etching. Alternatively, without forming the peel-off

•to layer the copper-foil support 200 also is etched slightly, thereby embedding the transferred wiring patterns 201 into

the sheet-like object 204. In the present example, the copper-foil support 200 was provided with the peel-off layer

further followed by copper plating to be the wiring pattern. The thickness of the copper plating layer was 1 2 iim. There-

after the copper plating layer was etched to achieve a predetermined pattern, thus obtaining the wiring patterns 201

.

[0137] On the copper-foil support 200 having the wiring patterns 201 formed of the copper plating layer produced
-*5 as above, the semiconductor chips 203 were mounted by a flip-chip method. The semiconductor chip 203 used here

was a silicon memory semiconductor having a thickness of 0.3 mm and a horizontal size of 10 mm x 10 mm.

[0138] The mounting method follows. First, gold wires having a diameter of 25 iim were bonded to aluminum elec-

trodes of the semiconductor chip 203 (a first bonding), and then gold wires further were bonded to the first bonding (a

second bonding). Thus, two-stage protruding gold bumps were formed. Since the formed gold bumps did not have a

50 uniform height, a die was pressed against a group of the gold bumps on the semiconductor chip with a predetermined

pressure, so as to even up the heights, which was called leveling. The surface on the gold bumps 202 side of the

semiconductor chip 203 produced as above was pressed into contact with an eiectricaiiy conductive paste that had

been provided to be a uniform thickness on a flat plate by squeezing, thus applying the electrically conductive paste

on tips of the two-stage protruding gold bumps 202.

55 [01 39] The semiconductor chips 203 produced as above were positioned and superimposed on the wiring patterns

201 , further heated to cure the electrically conductive paste, and then the gold bumps 202 and the wiring patterns 201

were electrically connected via the electrically conductive paste (see FIG. 2B).

[0140] Next, the gaps between the copper-foil support 200 having the wiring patterns 201 and the semiconductor
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ch,ps 20, were sealed with a iiquid resin. The resin used here was a paste-like resin obtained by mixing silica particles
.or controlling the coefficient of thermal expansion into a liquid epoxy resin. This resin was drooped in the cap between
tne semiconductor chips 203 and the wiring patterns 201

, thereby making a seal utilizing a surface tension. The sealing
res.iihs not always needea. but is preferable in terms of work efficiency because it can reinforce a connected portion
mechamcally so as no. to cause problems in the connected portion of the electrically conductive paste owing to an
external force applied in a later process.

[01 41] Subsequently, on the semiconductor chips 203 mounted on the copper-foil support 200, the sheet-like object
204 ,ormed of a m.xed composition of an inorganic filler and a thermosetting resin was overlaid, followed by heatingand compression, thereby embedding the semiconductor chips 203 into the sheet-like object 204
{0142] The producing.method for the sheet-like object used here follows.
[01 43] The following is a blend composition of the resin composition contained in the sheet-like object.

(1) Inorganic filler:

|

A,2°3
j 90wt%

|

{AS-40 manufactured by Showa Denko K.K., spherical particles, 12 am)

srmosettfng resin:

Liquid epoxy resin j 9.5wt%

(EF-450 manufactured by Japan Rec Co, Ltd.)

(3) Others:

!

i

I

Carbon black.
j 0.2wt%

(manufactured by Tcyo Carbon Co., Ltd.)

Coupling.agem
j o.3wt%

(46B manaie-based coupling agem manufactured by Ajincmoto Co., Inc.)

,.144] The morgan.? filler and the liquic thermosetting resin ate. that hac been weighed according to the above
c ;mpos,uon were put into a container with a predetermined capacity. Then, this container was set in a stirrer so that
the content was m,xed

:
he si.rrer used here rotates the container itself while rotating it around the axis of the stirrer

thereby obiamng s 3uff,ciently dISpersed state within a short period of time such as 10 minutes even when the content
has a relatively high viscosity.

[0145] A predetermined amount of the paste-like mixed resin composition obtained as above was dropped on a
re ease nlm. A polyethylene :erephthaiate film having a thickness of 75 urn whose surface had been subjected to a
release ireatment with silicon was used as the release film. On the resin composition dropped on the release film
another release ,.lm further was overlaid and pressed oy a pressing machine to ach.eve a predetermined thickness.'
Next, the resin composition sandwiched by the two release films was heated together with the release films under the
condition ;nat the viscosity is reduced sufficiently.

[0146] The condition of the heat treatment was to hold them at 120°C for <5 minutes. Thereafter, the release films
on both sides were peeled off. thus obtaining the sheet-like object 20* having a thickness of 500 urn and sufficientlyow viscosity Since the thermosetting epoxy resin used here has a cure starting temperature of 130'C it is uncured
in

1

a B
;

stage) under the heat treatment condition mentioned above and can be melted again by heating in a later process
[0147] T,e copper-foil support 200 on which the semiconductor chips 203 were mounted was set in a die and the
above-described sheet-iike object 204 further was placed thereon. The die was heated to 150°C and pressurized at
S^S x 106 Pa (100 kg/crni) The holdlpg tjme w„

s 15 mjnutes |n thjs mgnner ^ shQwn .n 2o ^e semjcon(Juctor
chips 203 were embedded into the sheet-iike object 204 ana the sheet-like object 204 was cured
[0148] Subsequently, this semiconductor chip built-in object was abraded from a back side of the semiconductor
chips 203 (the side opposite to the copper-foil support 200). The semiconductor chip built-in object was abraded to
have a thickness of 170 .urn using a regular lapping machine. It was abraded with the copper-foil support 200 being
adhered thereto as shown in FIG. 2E. This was because the wiring patterns 201 can be prevented from being contam
matea Dy abrasives and water entering during the abrading.
[011 49] After being abraoed to have a predetermined thickness, the semiconductor chip built-in object was washed
and then the copper-foil support 200 was peeled off (see FIG. 2F). Because the copper-toil support 200 had a smooth
surface, it was peeled off easily even when the .sheet-like object 204 was in a cured state
[0150] Since the ultra-thin semiconductor chip built-in module 210 that was produced as above contained alumina
as the inorganic filler in the sheet-like object 204, it was possible to obtain a thermal conductivity that was at least
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about 20 times as large as that of a conventional glass-epoxy substrate. The semiconductor chip built-in module 210

was produced in a similar manner using various types of inorganic fillers instead of alumina, and it was found that the

use of AIN and MgO brought about the thermal conductivity equal to or larger than that in the case of alumina.

[0151] Also/when using an amorphous Si02 as the inorganic filler in the sheet-like object 204, it was possible to

achieve a coefficient of thermal expansion for the sheet-like object 204 close to that of a silicon semiconductor. Thus,

it was found to have a potential as a substrate for a flip-chip mounting on which semiconductor chips were mounted

directly.

[0152] By using AIN having an excellent thermal conductivity, it was possible to obtain a thermal conductivity close

to that of a ceramic substrate.

[0153] When BN was added
:

it was possible to obtain a high thermal conductivity and a low coefficient of thermal

expansion. Especially when the BN content was equal to or larger than 85wt%
?

it was possible to achieve an excellent

thermal conductivity and a low cost, and therefore it was found to have a potential as a highly thermal-conductive

module.'

[0154] Also, the system using Si02 obtained a dielectric constant lower than the.others and a small specific gravity,

and therefore, it was found to be effective in high frequency applications such as a mobile phone.

[0155] On the wiring patterns 201 that are exposed by peeling off the copper-foil suppon 200 as shown in FiG. 2F
:

a semiconductor chip or an electronic component further can be mounted. This makes it possible to obtain asemicon-

ductor chip built-in module mounted with an extremely high density. In this case, the material for the inorganic filler can

be selected according to a component to be mounted.

[01 56] Furthermore, there. also is a special effect that the module on which a plurality of the semiconductor chips are

mounted as shown in FIG. 3A is divided into many pieces by a slicer, thereby obtaining a chip size package as shown
in FIG. 3B in a simple manner.

[01 57] In the above example, when embedding the mounted semiconductor chips 203 into the sheet-Jike object 204,

the shcct-likc object 204 was cured while being compressed at 1 50°C. As another example, the semiconductor chips

203 were embedded by applying a pressure for 2 minutes at 1 00°C, which was lower than a cure starting temperature

of the thermosetting resin, so as to reduce a melt viscosity of the thermosetting resin, and then the pressure was
released and the temperature was raised to 150°C to cure the resin. In this case

;
similarly to the above example, it

also was possible to produce a semiconductor chip built-in module without any problems.

[01 58] In this further example, the process of embedding the semiconductor chips and that of curing the thermosetting

resin are carried out separately. Since it is possible to perform the embedding process, which requires compression,

within a short period of time by reducing the melt viscosity and then to batch the subsequent curing processes altogether

the total time necessary can be shortened.

[0159] In addition, although the semiconductor chips 203 were mounted using the electrically conductive paste in

the above example, they may be connected by a flip-chip mounting method using a solder bump or by compressing a

thermosetting resin sheet in which an electrically conductive filler is dispersed by the bumps 202 so as to produce an

electrical conductivity only in the portion of the bumps 202. These are advantageous economically because they elim-

inate the need for above-described resin sealing between the copper-foil support 200 and the semiconductor chips 203.

(Second Example)

[01601 The following is a description of an example corresponding to the second embodiment described above.

Illustrated is an example of manufacturing a semiconductor chip built-in module having a multilayered structure using

an abraded semiconductor chip built-in module 21 0 that has been produced by a method similar to the first example.

[0161] As shown in FIG. 4A, the semiconductor chip built-in module 210 that had been produced in the first example,

the prepreg 401 Tor the circuit board and the copper foil 405 were multilayered.

[0162] The prepreg 401 for the circuit board was obtained by impregnating a glass fabric with an epoxy resin so as

to be in the B stage. The thickness thereof was 100 urn. This prepreg was cut into a predetermined size, and then

through holes having a diameter of 0.15 mm were formed at a constant pitch of 0.2 to 2 mm using a carbon dioxide

gas laser.

[0163] Using a three roll mill, 85wt% of spherical copper particles, 3wt% of bisphenol A type epoxy resin (Epikote

828 manufactured by Yuka Shell Epoxy Co., Ltd.) and 9wt% of glycidyl ester epoxy resin (YD-171 manufactured by

Tchto Kasei Co., Ltd.) as a resin composition and 3wt% of amine adduct hardener {MY-24 manufactured by Ajsncmcto

Co., Inc.) as a hardener were mixed, thus obtaining the electrically conductive paste 403 for filling a via hole. This

electrically conductive paste 403 was filled in the through holes formed in the prepreg 401 by screen printing.

[0164] As shown in FIG. 4A, the semiconductor chip built-in module 21 0 was positioned and superimposed on one

surface of the prepreg 401 produced as above, and single-sided roughened copper foil {the roughened surface was
the one facing the prepreg 401) having a thickness of 35 p,m was positioned and superimposed on the other side

thereof, and heated at 1 70°C and compressed at 4.9 x 106 Pa (50 kg/cm2) for 60 minutes using a hot press.
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[01 631 Thus, the thermosetting resin in the prepreg 401 was heated to be cured, so that the semiconductor chip built-

in module 21 0 and the copper foil 405 were adhered thereto. At the same time, the thermosetting resin in the electrically

conductive paste 403 filled in the through holes was cured., so that the wiring patterns 201 and the copper foil 405 were

connected electrically (see FIG. 4B).

5 [01 66] The copper foil 405 adhered on the surface by the curing of the prepreg 401 was etched by an etching tech-

nique, thus forming the wiring patterns 407 (see FIG 4C).

[0167] As a test for evaluating the reliability of the semiconductor chip built-in module produced in the present ex-

ample, a solder reflow test and a temperature cycling test were carried out. In the solder reflow test
:
the module was

passed 10 times through a high temperature atmosphere at a maximum temperature of 260°C for 10 seconds using

10 a belt-type reflow tester, in the temperature cycling test, a cycle of allowing the module to stand at 125°C for 30 minutes

as a high temperature side and then at -60°C for 30 minutes as a low temperature side was repeated 200 times.

[0168] The results showed that, in both of these iests
:
no change in the shape such as c. acks was generated in the

semiconductor chip built-in moduieof ihe present example, and no specific defect was recognized by an ultrasonic

reflectoscope. Accordingly, it was found that the semiconductor chips 203 and the resin composition 204 adhered tc

is each other tightly. In addition, the resistance of an inner-via-hole connection by the electrically conductive caste 403

did not chance substantially from its initial performance.

[01 59] By r'L'rther repeating the process of laminating the prepreg for the circuit board 401 whose through holes are

filled with the electrically conductive paste 403 and the copper foil 405 onto the surface on the wiring pattern 407 side,

;i was possible to produce a semiconductor chip built-in module having a rnuitilayered wiring structure. This achieved

20 a stiil nigher-density wiring moguie.

[0170] The invention may be embodied in other specific forms without departing from the spirit or essential charac-

teristics thereof. The embodiments disclosec in this application are to be considered in all respects as illustrative and

not restrictive, the scope of the invention being indicated by ihe appended claims rather than by the foregoing descrip-

tion, all changes that come within the meaning and range of equivalency of the claims are intended to be embraces

25 therein.

Claims

1 . An electric element built-in module comprising:

25

55

a wiring pattern;

at least twe electric elements mounted on the wiring pattern; and

a thermosetting resin composition. for sealing the electric elements;

wherein upper surfaces of the at !eas[ two electric elements ind an upper surface of the thermosetting resin

composition are substantially flush with each other.

2. The electric element built-in moduie according to claim 1 , wherein at least one of the electric elements comprises

a functional portion and a connection electrode on a surface on a side of the wiring pattern, and the connecucn

40 electrode is connected to the wiring pattern.

3. The electric element built-in module according to claim 1 . wherein at least one of the eleciric elements is at least

one element selected ;rom the group consisting of a semiconductor chip, a chip resistor, a chip capacitor and a

chip inductor.

45

4. The electric element built-in module according to claim 1 , wherein at least one of the electric elements is a surface

acoustic wave device.

5. The electric element built-in module according to claim 4, wherein a surface of the surface acoustic wave device

50 on the side of the wiring pattern is provided with a functional portion and a space holding structure for preventing

excitation and propagation of a surface elastic wave from being obstructed in the functional portion.

6. The electric element built-in module according to claim 5, wherein the space holding structure is formed of a film-

like resin composition.

The electric element built-in module according to claim 1 , wherein the upper surfaces of the at least two electric

elements and the upper surface of the thermosetting resin composition that are substantially flush with each other

both have a surface roughness Rz of 0.5 to 50 urn.
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8. The electric element built-in module according to claim 1 , wherein the thermosetting resin composition contains

an inorganic filler and a thermosetting resin.

9. The electric element built-in module according to claim 8
:
wherein the thermosetting resin contains an epoxy resin,

a phenolic resin or a cyanate resin as a main component.

10. The electric element built-in module according to claim 8, wherein the inorganic filler is at least one inorganic filler

selected from the group consisting of Al203( MgO ;
BN, AIN and Si02 .

11. The electric element built-in module according to claim 1, wherein the wiring pattern is formed on a surface of a

circuit board.

12. The electric element built-in module according to claim 1 , wherein the wiring pattern is formed on a surface of a

support.

13. The electric element built-in module according to claim 12, wherein the support is formed of an organic film or a

metal foil.

14. The electric eiement built-in module according to claim 1 , wherein at least one of the electric elements is connected

to the wiring pattern via a bump.

15. A method for manufacturing an electric element built-in module comprising:

mounting at least one electric clement, one of whose surface is provided with a functional portion and a con-

nection electrode, on a wiring pattern so that the one surface faces the wiring pattern;

sealing the electric element with a thermosetting resin composition from a side of the other surface of the

electric element; and

grinding or abrading the electric element sealed with the thermosetting resin composition from the side of the

other surface of the electric element.

1 6. The method for manufacturing the electric element built-in module according to claim 1 5, wherein a bump is formed

on the connection electrode of :he electric element, and the electric element is mounted on the wiring pattern using

the bump and an electrically conductive adhesive.

17. The method for manufacturing the electric element built-in module according to claim 15, wherein a bump is formed

on the connection electrode of the electric element, and the electric element is mounted on the wiring pattern using

the bump and a sheet in which an electrically conductive filler is dispersed.

1 8. The method for manufacturing the electric element built-in module according to claim 1

5

;
wherein a bump is formed

on the connection electrode of the electric element, and the electric element =s mounted on the wiring pattern by

connecting the bump and the wiring pattern in an ultrasonic manner.

19. The method for manufacturing the electric element built-in module according to claim 1 5, further comprising filling

and curing a resin between the electric element and the wiring pattern, after mounting the electric element on the

wiring pattern and before sealing the electric element with the thermosetting resin composition.

20. The method for manufacturing the electric element built-in module according to claim 15
:
wherein the electric

element is sealed with the thermosetting resin composition by overlaying an uncured sheet-like object formed of

the thermosetting resin composition onto the other surface of the electric element, followed by heating and com-

pression.

21. The method for manufacturing the electric element built-in module according to claim 15, wherein the electric

element is sealed with the thermosetting resin composition by applying an uncured paste-like object formed of the

thermosetting resin composition from the other surface of the electric element under a vacuum or a reduced pres-

sure, followed by heating.

22. The method for manufacturing the electric element built-in module according to claim 21 , wherein the heating is

carried out at an atmospheric pressure or larger.
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23. The method for manufacturing the electric elpmont k „
^setting resin composition contains^^t^^TT? *° **" 2° " 21

"^ the^
cr lower than a ere starting temperature of the thermoSng 'resin.

°' the^ is !°

fesi"
an

'

n0rganic
" ,ler and 5wt% io 30wt% of a thermosetting

composition.
9 aCrad,ng lhe e,ectric e|e™nt sealed with the thermosetting resin

28. The method for manufacturing the -lectric -lemerr in
formed of an organic film or a metal 5 "^ aCCOrdi"9 lc ^im 27. wherein the support is

29. Tne -e(hoc ?

or^anufacturinatheelectricelerrenrhuiit
,

.n a thickness direction fiHec ,vith an.Irti^K^^ C' rCUrt^ Prided with a through

element sealed with the thermosetting resin. compose"
1BOrs 9rindi"9 trading the electric

peeling off the support, and
forming a wing pattern by laminating a preoreo for a cirr. .ir^ * •„
direction filled with an electricallyJdi^^^S^ W

j
th * "ote in a thickness

aprepregforacircuitboardprovidedwitha hroug ^V-S^ 0MS^d^
paste and a second meta, foil in this order o^2^^^^WW^ ane^^Mn^
'Cowed by heat.ng and compression, and then etchfng th"ZlT^lu™9 *^^

33

1S. wherein the electric
flush with each other.

F 6 9r°Und of aDraded at tf>e same time so as to be substantially
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